INTRODUCTION
Genome-wide analysis of alternative splicing has indicated that 35 to 59% of human genes have alternatively spliced forms, and that 70 to 88% of alternative splices generates a multitude of variants that have overlapping but distinct functions [1] . Alternatively spliced forms of key proteins in cancer, such as TP53, MDM2, and c-MYC, have been shown to play roles in oncogenesis [2] [3] [4] .
Survivin, which is a novel member of the inhibitor of apoptotic protein (IAP) family, is markedly over-expressed in most types of human carcinomas. It has been investigated with regard to its correlation with clinical results and its potential as a target for anticancer therapy [5] .
Two alternatively spliced survivin variants, survivin-Δ Ex3 and survivin-2B, were recently identified in a single copy of the survivin gene [6] . Currently, there is no strong evidence to suggest that survivin splice variants are involved in tumorigenesis. However, there have been reports that the expression of survivin splice variants significantly correlates with the clinical results in many types of human carcinoma, including neuroblastoma, renal cell carcinoma, gastric cancer, brain tumor, leukemia, and breast cancer. Many investigators have suggested that survivin-ΔEx3 and survivin-2B play opposing roles in tumor progression and/or tumorigenesis [7] [8] [9] [10] [11] [12] .
The over-expression of survivin in colorectal carcinoma has been identified as an independent prognostic factor [13, 14] . However, few reports had addressed on the correlation between survivin splice variants and the clinical results of colorectal cancer [15] .
Therefore we investigated the expression levels of survivin and its splice variants in human colorectal carcinomas and assessed the relationship between the expression of survivin splice variants and the clinicopathologic parameters.
METHODS

Patients
The present study included 51 primary colorectal carci- 
Western blotting
Fresh frozen tissues were evenly ground with a homog- 
Reverse transcription
The RNAs from the colorectal cancer tissues, which were stored at -80 
Statistical analysis
Statistical analysis was performed using the MannWhitney test with the SPSS (SPSS Inc., Chicago, IL, USA).
A P-value of less than 0.05 was considered to indicate statistical significance.
RESULTS
Expression of survivin variant genes
In the Western blots of the colorectal cancer tissues, sin- showed survivin-ΔEx3 expression.
Correlation between the expression levels of the survivin variants and clinicopathologic parameters
The expression of survivin-2B decreased along with the invasive depth of the tumor with statistical significance (P ＜ 0.001), while the expression levels of survivin and survivin-ΔEx3 did not show any relationship with any of the investigated clinicopathologic factors ( Table 1 , Fig. 3 ).
To ensure that the depth-dependent decrease of survivin-2B expression was not the result of a depth-dependent increase of the GAPDH transcript used as the external standard, we also calculated the ratios of the mRNA levels between survivin-ΔEx3 and survivin-2B on the one hand, and survivin as an internal standard on the other hand.
Since all of the survivin variants are derived from a common hnRNA precursor pool, these ratios are independent of any potential bias imposed by possible variations of the GAPDH expression levels. We did not find any significant change in the relative mRNA levels between survivin and its variants, which supports the observed depth-dependent decrease in survivin-2B expression (Table 1 , Fig. 4 ). heat-shock protein [19] , and members of the IAP family [20] . In addition, these antiapoptotic products may facilitate the accumulation of transforming mutations and promote resistance to anticancer chemotherapy [21, 22] .
DISCUSSION
Among the antiapoptotic products, the IAP family has been recently discovered. IAP family members directly inhibit activated caspase 3 and caspase 7, and inhibit the activation of pro-caspase 9. There are several lines of evidence that they also indirectly inhibit caspase 1 and caspase 2 as thesurgery.or.kr well [21, 22] . The IAP family has been shown to protect cells from various types of apoptosis inducing agents and to block apoptosis generated by various stimuli, such as various anticancer drugs, irradiation, and ultraviolet irradiation; thus, the IAP family plays a key role in the formation of cancer [19] .
The locus of survivin, which is a recently discovered member of the IAP family, is at 17q25. Survivin consists of 142 amino acids and has a molecular mass of 16.5 kDa [23] .
Unlike other members of the IAP family, survivin shows high-level expression during the fetal period and negligible expression in normally differentiated tissues after birth. However, studies have shown that the expression of survivin increases in cancer cells [20] . Discoveries of the expression of survivin in tissues of various cancers, such as lung, colon, stomach, breast, prostate, and pancreatic cancers, as well as neuroblastomas and highly differentiated lymphomas have brought survivin to the forefront of research efforts [5] .
Survivin mRNA has been detected in 67.3% of colon cancer tissues, and the expression of survivin has been found to be significantly higher in colon cancer tissues [14] compared to the normal tissue. The human survivin genes have four dominant (1, 2, 3, and 4) and two hidden (2B and 3B) exons. Their own pre-mRNA creates four mRNAs with different conjugations of splices, which are designated as the survivin, survivin-2B, survivin-ΔEx3, and survivin-3B proteins [6] . Survivin-ΔEx3, which lacks exon 3, and survivin-2B, which has intron 2 as an additional cryptic exon, has been studied in detail [6, 24] . In the colon mucosa, survivin is preferentially expressed in the lower portion of normal colon crypts where adult stem cells and other proliferative cells reside and its expression decreases from crypt bottom to top as the cells progress to differentiate [25] . The survivin intensively expressed in many fetal tissues in contrast with downregulation in most nonproliferating adult tissues. However, reexpression of survivin was found in the most common human cancer types, which might promote both tumor progression and resistance to treatment with anticancer drugs and irradiation. The biochemical a mechanism by which survivin suppresses apoptosis remains under investigation.
In this study, the survivin-2B was decreased in advanced pT3 stages in contrast with the relative increase in early stages (pT1 ＋ 2). The downregulation of survivin-2B might weaken its functional antagonism, and moreover, could permit the generation of more survivin or survivinΔEx3 because three survivin variants come from the same pool of an hnRNA precursor. Thus, the decrease in survivin-2B may result in development and invasion of the colorectal carcinoma. Mahotka et al. [8] and Meng et al. [9] also reported that survivin-2B decreased according to the higher clinical stages and invasive depth in renal cell carcinoma and gastric carcinoma, respectively.
Islam et al. [7] have reported that high level of survivin mRNA expression were significantly associated with advanced stages of neuroblastomas; survivin-2B expression was predominant in some favorable neuroblastoma, while it was low and ubiquitous in most normal and malignant tissues. Krieg et al. [26] have reported that survivin-2B is significantly decreased in the later stages of stomach cancer. Meng et al. [9] have reported that survivin-2B is significantly related to the initial stage, differentiation, and infiltration of the lesion among stomach cancer patients, while survivin-ΔEx3 is significantly correlated with apoptosis. Nakagawa et al. [11] has the only correlation. In this study, we also could not find the correlation with stages. However we subdivided to T and N stage and analyzed the correlation respectively.
Consequently, we found that the level of GAPDH-normalized survivin-2B mRNA decreases significantly as the depth of the lesion increases.
In conclusion, survivin was expressed to a greater extent in colon cancer tissues than in normal tissues.
However, when survivin and its variants were separated and the quantities of mRNA were measured, only survivin-2B showed a significant difference in expression, which was dependent upon the depth of the lesion and appeared to correlate with the progression of colon cancer.
This study presents that the expression of survivin-2B
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